There can be no doubt that the inaccessibility of the retina and choroid to surgical biopsy has retarded the understanding of a variety of pathological conditions. The diffuse, hereditary chorioretinal dystrophies, choroiditis, various inflammatory diseases of the retina, and even vascular or degenerative conditions such as diabetic retinopathy, have been subjected to little analysis by modern laboratory techniques. The technology now available to study cellular chemistry and dynamics in normal and diseased tissues has been focused down to microscopic levels. Even less sophisticated techniques such as immunofluorescent antibody labelling, available for years in the study of renal, hepatic, and dermatological diseases, have not been used in the understanding and management of chorioretinal disease. At the clinical level, identification of infections of the retina and choroid such as herpes simplex and fungi, although rare, might sometimes be crucial now that increasingly effective drugs are becoming available. A safe, practical chorioretinal biopsy technique would also greatly expand the study of animal models of human disease. The maintenance of large numbers of higher order animals with natural or induced chorioretinal disease is prohibitively expensive. Sequential biopsy on the same eyes would reduce the problems of individual variation in progression of disease. It seems possible that a treasure of information simmers beneath the present barrier to tissue sampling of the retina and choroid.
ocular hypotension, it was possible to excise a piece of retina and choroid of 1 mm-area without significant bleeding and usually without vitreous loss. The scleral flap was quickly closed and the blood pressure allowed to return to resting levels. In dogs, retinal detachment never occurred after this insult. Perhaps surprisingly, reactionary haemorrhage did not occur either, even after major retinal vessels were excised.
The biopsy site healed without complications in the absence of vitreous loss ( Figure I ). There were only minimal attempts at vascularization of the bare inner surface of the scleral flap as judged by fluorescein angiography six months later. Histologically there were only subtle disturbances in the retinal pigment epithelium and tapetum adjacent to the biopsy site. Healing was characterized by outgrowth of a multilayer of glial cells from the cut edge of the retina. In the absence of vitreous loss, retinal glial cells grew between the inner scleral surface and the vitreous face to completely seal off the defect (Figure 2 ). Furthermore, in the presence of an intact vitreous face the proliferating glial cells laid down complete, new internal and external limiting membranes. This observation contradicts previous evidence (Foos & Gloor 1975) that the internal limiting membrane of the retina cannot regenerate. In eyes in which a small amount of vitreous was lost, the retinal defect was not perfectly sealed by the glial cells and their basement membranes. In this situation the proliferating glial cells grew into the vitreous cortex along the scaffolding provided by the strands of gel displaced into the wound. Although in dogs this has not resulted in signs of vitreoretinal traction or retinal detachment, clearly the risk would be of concern in humans.
The key microsurgical problem is thus not one of choroidal or retinal haemorrhage but of vitreous loss prevention. The risk of vitreous loss can be greatly reduced but not entirely eliminated in dogs by systemic manipulations effecting perfusion pressure and tension in the eye.
The tissue samples obtained from the dogs were in general adequate for electron microscopic interpretation, although considerable problems were encountered in handling and processing them. Even though in dogs the tapetal layers add rigidity to the samples, they still tended to curl up and were difficult to transfer to a cellulose sponge or direct to fluid fixative. During processing, meticulous care was needed to prevent artefactual detachment of the retina or bending and laceration of the receptor layers. Recently we have explored a method which supports the samples in gelatin prior to processing. The problems of mechanical distortion are not considered excessive by electron microscopists used to interpreting renal and hepatic biopsies. Certainly acceptable fixation was obtained and detailed examination of retinal pigment epithelium and receptor cells was possible. Despite the absence of clinical evidence of vitreous loss, the biopsy specimens were found to include a very small amount of superficial vitreous cortex.
It was possible to repeat the chorioretinal biopsy in dogs one to three months later without complications. While orbital exposure was made more difficult, the actual biopsy was not. Eyes followed for six months showed no major disturbances after single or repeated biopsies. The usefulness of repeated biopsies is now being evaluated in a family of greyhounds with a recently described hereditary retinal dystrophy (Slatter et al. 1980) . The offspring of affected adults will be subjected to biopsy every three months and the changes correlated with fluorescein angiography and electrophysiological tests.
It appears that chorioretinal biopsy is at least likely to become a very useful investigative tool for animal research. What are the prospects in the case of human chorioretinal disease? Peyman and his colleagues (1975, 1978) adopted their method of eye-wall resection for melanoma of the choroid in humans to obtain a full-thickness specimen of 4 mm diameter. Despite the radical nature of the surgery no gross complications were reported, heavy diathermy and vitreous loss notwithstanding. Ophthalmologists have not considered this procedure ethically justifiable for investigational purposes, and crucial diagnostic situations where it might be justified are at the present time rare. Nevertheless, the method we evolved in dogs was surgically much less destructive and seemed to offer an acceptably' low complication rate. Anaesthetists skilled in the use of hypotensive anaesthesia for neurosurgery were confident that no significant risk existed in healthy younger subjects for the few minutes oflowered blood pressure required for chorioretinal biopsy.
After due ethical approval, appropriate consent for chorioretinal biopsy was obtained from 4 patients undergoing enucleation for melanoma of the choroid. Three of these, aged 45, 36, and 44 respectively, were submitted to hypotensive anaesthesia induced by infusion of intravenous sodium nitroprusside for three to seven minutes while the biopsy was taken. The fourth subject was aged 72 and had a history of ischaemic heart disease. In this man chorioretinal biopsy was also done immediately prior to enucleation, but blood pressure was not lowered and intravenous mannitol was witheld. In a fifth patient chorioretinal biopsy was carried out prior to trabeculectomy for neglected, painful closed-angle glaucoma. This patient was 67 years old, had been registered as blind for the previous ten years due to advanced retinitis pigmentosa, and had a history of congestive cardiac failure. The biopsy was carried out without manipulation of blood pressure or vascular volume under general anaesthesia.
In the first three subjects standard nitrous oxide/oxygen/halothane anaesthesia was maintained and 1 g/kg mannitol given intravenously. The biopsy site was selected by indirect ophthalmoscopy and transillumination and then prepared. After a full-thickness, circular scleral flap was raised and the choroid exposed, systemic blood pressure was lowered to 70 mmHg systolic with an intravenous infusion of sodium nitroprusside. About 3.6 mg sodium nitroprusside in 60 ml of 5% dextrose were infused over seven minutes during which time the biopsy was taken with fine scissors and forceps (Figure 3 ) and the scleral flap closed. Blood pressure was monitored by means of an oscillometer on both arms.
In the three subjects in which mannitol and sodium nitroprusside were used, there was no significant choroidal or retinal bleeding. No vitreous was lost when the sample of choroid and retina was excised. In the two older subjects, in whom it was considered that hypotensive anaesthesia was not justified, there was no vitreous loss, but there was significant bleeding. The bleeding did not track into the eye but interfered with accurate excision of the tissue sample. In both these cases the sample was fragmented and not entirely adequate for electron microscopy. The three samples obtained under hypotensive conditions produced quite adequate electron microscopic results (Figure 4) . Good ultrastructural detail of retinal pigment epithelium and receptor cells was obtained ( Figures 5 & 6) .
Four of the eyes reported here were enucleated immediately after chorioretinal biopsy. None showed retinal detachment or chorioretinal haemorrhage around the biopsy site. The fifth patient with retinitis pigmentosa unfortunately succumbed to a sudden attack of acute pulmonary oedema four days postoperatively. The eyes were obtained at post-mortem examination and also showed no retinal detachment around the biopsy site.
In order to determine the long-term risks of chorioretinal biopsy in humans, it would be necessary to carry out the procedure in eyes requiring local surgery for other reasons, for example glaucoma. Another possibly justifiable course of action would be to take a biopsy of an eye irreparably blind, from optic atrophy for example, at the time of surgery on the contralateral eye. This has not yet been done. . It is possible that retinal detachment might not occur despite an iatrogenic hole caused by biopsy if the underlying vitreous is not disturbed. If the human retina could repair itself in the manner observed in dogs after biopsy, the hole would be sealed in several days. It may be that repair does not occur in the case of spontaneous retinal hole formation in humans because of the primary disturbance of the vitreous. Of course, failure of a spontaneous retinal hole to heal in humans may also be a species difference.
Another possibly relevant observation is that rhegmatogenous retinal detachment is extremely rare in patients with retinitis pigmentosa and other diffuse retinal dystrophies. One exception is Wagner's vitreoretinal degeneration, but here retinal tears develop in the presence of prominent vitreous abnormalities along pigmented areas of lattice with sharp lines of traction. Would it be safe to take biopsies of eyes with moderately advanced retinitis pigmentosa because of increased retinal adhesion? We may be near to the time when it will be ethically justifiable to find out. It would clearly only be justifiable to take a biopsy of the retina and choroid in eyes with visual potential if there were therapeutic prospects on the one hand, or a reasonable chance of investigative advances on the other. These conditions will not be met until extensive animal experiments are completed. New molecular biological tests relevant to diseases of the retina and choroid must be developed.
The recent upsurge in interest in animal models should accelerate the understanding of biochemical abnormalities in chorioretinal disease. One such example is the changes in cyclic AMP metabolism demonstrated in dystrophic retina in rodents by Lolley & Farber (1975) . A large number oflaboratory techniques including tissue culture, microanalytical chemistry and immunochemistry could be employed on small tissue samples. Scanning electron microscopy and freeze fracture techniques may also be helpful in the interpretation of chorioretinal disease.
